Background. There is growing interest in how frequently patients undergoing coronary artery bypass graft (CABG) surgery require hospital readmission within 30 days of discharge. Readmissions, however, may not capture all hospital-based, acute care needs after discharge. The purpose of this study is to describe the frequency of and diagnoses associated with emergency department (ED) visits and hospital readmissions within 30 days of discharge after CABG surgery and to compare outcomes across hospitals.
Background. There is growing interest in how frequently patients undergoing coronary artery bypass graft (CABG) surgery require hospital readmission within 30 days of discharge. Readmissions, however, may not capture all hospital-based, acute care needs after discharge. The purpose of this study is to describe the frequency of and diagnoses associated with emergency department (ED) visits and hospital readmissions within 30 days of discharge after CABG surgery and to compare outcomes across hospitals.
Methods. Using the California State Inpatient and Emergency Department Databases, we identified all adults who underwent isolated CABG surgery between January 2005 and June 2009. We then calculated hospitals' 30-day, risk-standardized readmission and ED visit rates using hierarchic generalized linear models. The correlation between hospital readmission and ED visit rates was estimated, weighting for hospital volume.
Results. We identified 63,911 adults who underwent isolated CABG surgery at 114 hospitals. Hospital 30-day, risk-standardized ED visit without readmission rates (median ED visit rate [ 11.9%, 25th to 75th percentile, 10.5% to 13.7%) nearly equaled the hospital 30-day riskstandardized readmission rates (median readmission rate [ 15.0%, 25th to 75th percentile, 13.5% to 16.5%). Both outcomes varied widely among hospitals. A composite of these outcomes, the median 30-day risk-standardized hospital-based, acute care rate was 23.9% (25th to 75th percentile, 22.2% to 25.5%). Postoperative infections, congestive heart failure, and chest discomfort were among the most common reasons for both readmissions and ED visits. Hospitals' 30-day risk-standardized ED visit and readmission rates were not significantly correlated (weighted correlation coefficient [ L0.07, p [ 0.44).
Conclusions. Patients discharged after CABG surgery frequently experienced ED visits and hospital readmissions within 30 days, often for similar diagnoses. Monitoring both hospital readmissions and ED visits after CABG surgery is important to our understanding of hospital-based, acute care needs after discharge. [1] . The CABG surgery is often considered a highrisk procedure, associated with 30-day morbidity and mortality rates up to 14% and 2%, respectively [2] . However, these rates do not capture the additional acute health care needs of patients undergoing CABG surgery. For instance, nearly 14% of the Medicare population is readmitted within 30 days of discharge, many for complications from and care related to the surgery [3] [4] [5] . Moreover, not all patients with acute health care needs are readmitted. Recent studies of hospitalized patients suggest a growing number are returning to emergency departments (ED) without being readmitted [6] . These visits also represent meaningful clinical events for patients, add costs to care, and their frequency may be inversely related to the quality of care received [7, 8] .
Understanding how often patients discharged after CABG surgery require hospital-based, acute care, including hospital readmissions and ED visits, is critical to improving care for patients, in part because states are increasingly reporting readmission rates as a quality measure. Hospitals with better than average rates could be studied more closely to identify best practices in discharge care for CABG surgery patients. Furthermore, if hospitals with low readmission rates are found to have very high ED rates, it would suggest that not all aspects of care transition quality at discharge are being captured by current performance measures.
Using data from the Healthcare Cost and Utilization Project, we studied post-discharge outcomes among patients undergoing CABG surgery in California. Our objectives included the following: defining hospital-level, 30-day readmission and ED visit rates among all California hospitals performing CABG surgery; describing variation across hospitals for both outcomes; determining the relationship between readmissions and ED visits; and exploring how measurement of readmissions alone versus readmissions plus ED visits impacts hospitals' estimated performance when using these measures to determine quality of care.
Material and Methods
We used data from the 2005 to 2009 California State Inpatient [9] and Emergency Department Databases [10] . The inpatient database contains all inpatient discharges from short-term, acute-care, non-federal hospitals, whereas the emergency department database contains all ED visits not resulting in hospital admission. For both databases, each discharge abstract includes sociodemographic, hospital, and clinical variables, as well as up to 25 diagnostic and 21 procedure codes based on International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) coding. Additionally, these datasets contain the following 2 variables to facilitate longitudinal studies of patient care across health care settings: (1) an encrypted patient identifier that is consistent across databases; and (2) a variable to specify the time that has elapsed between each encounter.
Study Sample
From the inpatient database, we identified California residents at least 18 . From this population (n ¼ 70,698), we excluded the following: discharges for pregnancy (n ¼ 5), where the disposition was missing (n ¼ 93), against medical advice (n ¼ 78), or in-hospital death (n ¼ 1,532); and discharges with a length of stay less than 1 or greater than 100 days (n ¼ 38); a missing patient identifier (n ¼ 3,310); and those resulting in transfer to another acute care hospital (n ¼ 883). If a patient had more than 1 discharge meeting these criteria (n ¼ 121), the first discharge was used for analysis. Finally, we excluded patients who underwent CABG surgery at hospitals that did not have at least 1 CABG discharge during each year of the study to ensure only hospitals with active CABG surgery programs were included (n ¼ 14 hospitals, affecting 727 patients; see Fig 1) .
Main Outcome Measures
Our main outcome measures were 30-day, hospital-level, risk-standardized readmission, ED visit, and hospitalbased, acute care rates. For this study, a readmission was defined as any hospital readmission excluding admissions related to rehabilitation services (ICD-9-CM V52.0-V52.1, V52.4, V52.8-V52.9, V53.8, V57.0-V57.22, V57.3-V57.4, V57.81, V57.89, V57.9, V58.82). An ED visit was defined as any ED visit that did not result in hospital admission. The hospital-based, acute care rate was a composite measure of any readmission or ED visit within 30 days of discharge. In cases where a patient experienced a readmission and an ED visit during the 30-day period, they were counted only once in the composite measure.
Confounders for Adjustment
In order to risk adjust the observed hospital outcomes and account for differences in patient characteristics, we first identified 41 candidate variables for risk adjustment based on current public reporting programs [11] and recent publications [3, [12] [13] [14] [15] . Next, we entered these as independent variables into a logistic regression model with hospital-based, acute care within 30 days as the dependent variable. Using stepwise selection with an entry p value of 0.15 and a retention p value of 0.05, we identified 30 variables significantly associated with the outcome and had face validity from clinician review (J.P.F., L.G.S., J.S.R.). Four variables were added based on prior literature review, although they were not significantly associated with hospital-based, acute care within 30 days: alcohol abuse; chronic deficiency anemia (ICD-9-CM 280.1-280.9, 281.x), coagulopathy (ICD-9-CM 286.x, 287.1, 287.3-287.5); and metastatic cancer. The final variables for risk adjustment included the following: age; sex; primary payer; acuity of admission; 26 co-morbid medical conditions; whether the internal mammary artery was used for revascularization (ICD-9-CM codes 36.15, 36.16); if acute myocardial infarction was a primary diagnosis; if acute myocardial infarction was a secondary diagnosis (ICD-9-CM codes 410.x); and the number of vessels bypassed (see Appendix for full models). The final model is similar to those used for the public reporting of hospital readmission rates after CABG surgery [11, 16] . Inhospital complications, which may influence the need for hospital-based, acute care after discharge, were not included in the final model to prevent "risk adjusting" for low quality care.
Calculation of the Risk-Standardized Outcomes
We created 2-level (patient and hospital) hierarchic logistic regression models for each of 30-day outcome of interest: readmission, ED visit, and hospital-based acute care based on methods currently used by the Center for Medicare and Medicaid Services hospital quality outcomes measurement program [17, 18] . The covariates included in the models are those described above. Models included hospital-level random intercepts to account for clustering of patients within hospitals and permit separation of the within and between hospital variation in outcomes after accounting for patient characteristics. The predicted-to-estimated ratio obtained from these models was then multiplied by the mean, unadjusted outcome rate among all hospitals included in the study to yield the risk-standardized rates.
Relationship Among Risk-Standardized Outcomes
We assessed the correlation between hospitals' riskstandardized readmission rates and the risk-standardized hospital-based, acute care rates, weighted by hospital volume. To determine how inclusion of ED visits would impact hospitals' performance relative to peer hospitals, we ranked all hospital's performance into tertiles based on the risk-standardized readmission and the risk-standardized hospital-based, acute care rates. Then we determined the "inter-rater reliability" between these measures using the percent agreement and kappa scores.
All analyses were conducted using SAS version 9.2 (SAS Institute, Cary, NC). All statistical tests were 2-sided and p values less than 0.05 were considered significant. Because this study used publicly available data without patient identifiers, it was considered exempt from review by the Yale University Human Investigations Committee.
Results
Between January 2005 and June 2009, 63,911 California residents underwent isolated CABG surgery at 114 hospitals. Most patients were over 60 years of age (72.4%), male (74.5%), White, non-Hispanic (63.7%), and had Medicare as their primary form of insurance (52.4%). In this sample of patients who survived to discharge, 3,631 (5.7%) patients experienced intraoperative complications, 14,680 (23.0%) had at least 1 postoperative complication, and the median length of stay was 8.0 days (standard deviation ¼ 6.6 days; Table 1 ).
Risk-Standardized Outcomes Post-CABG Surgery
The median risk-standardized, 30-day readmission rate was 15.0% (25 th to 75th percentile, 13.5% to 16.5%). In addition, the risk-standardized ED visit rate was 11.9% (25th to 75th percentile, 10.5% to 13.7%). Collectively, the overall risk-standardized, hospital-based, acute care rate was 23.9% (25th to 75th percentile, 22.2% to 25.5%; Fig  2A-2C) . Our final risk-adjustment model for hospitalbased, acute care within 30 days had a c statistic of 0.63. Several patient demographic and clinical variables were associated with higher odds of returning to the hospital (see Appendix).
Description of Readmission and ED Visits
Within our sample, 6.2% of patients experienced more than 1 readmission or ED visit within 30 days. Including these multiple visits, there were 32 hospital-based, acute care encounters per 100 discharges after CABG surgery. While no single diagnosis accounted for the majority of readmissions, 3 of the most common readmission diagnoses were also among the most common ED visit diagnoses: postoperative infections, congestive heart failure, and chest discomfort. For emergency department visits specifically, symptoms of pain were common associated diagnoses ( Table 2 ). Because the first listed diagnosis is based on ICD-9-CM coding, related diagnoses (ie, chest pain and chest discomfort) are listed separately among the most common conditions.
Comparing Hospital Performance When Measured By Readmission or Hospital-Based, Acute Care Rates
There was no correlation between hospital riskstandardized, 30-day readmission and ED visit rates (weighted correlation coefficient ¼ À0.07, p ¼ 0.44; Fig 3) . When comparing performance based on the riskstandardized readmission and the risk-standardized hospital-based, acute care rates separately, 52 out of 114 hospitals (45.6%) would appear in a different tertile of performance. Specifically, of the 38 hospitals in the best performing tertile for the risk-standardized readmission rates, 16 hospitals would move to the middle (n ¼ 13; 11.4%) or lowest tertile (n ¼ 3; 2.6%) of the riskstandardized hospital-based, acute care rates. Conversely, 10 (8.8%) hospitals in the lowest performing tertile for the risk-standardized readmission rates would move to the middle and 3 (2.6%) would move to the highest tertile of the hospital-based, acute care measure. The overall agreement between readmission and hospital-based, acute care measures was moderate (weighted kappa ¼ 0.43 [95% confidence interval ¼ 0.30 to 0.56, p ¼ 0.99]).
Comment
Our analysis suggests that a substantial proportion of patients discharged after isolated CABG surgery in California hospitals receive hospital-based, acute care within 30 days. Nearly 12% of patients discharged after CABG surgery returned to the ED but did not require a subsequent hospitalization. Of these encounters, many were likely a consequence of the initial CABG surgery, including postoperative complications and pain. Similarly, more than 15% of patients discharged after CABG surgery were readmitted to a hospital within 30 days. Taken together, our findings indicate that there is a heavier burden on patients after isolated CABG surgery than had been previously understood, with nearly 25% of patients requiring hospital-based, acute care within 30 days of discharge.
As nearly half of the post-CABG surgery acute care needs of these patients were successfully managed in the emergency department without subsequent hospitalization, perhaps pre-discharge interventions and greater continuity of care post-discharge could help avoid the need for ED visits or even subsequent readmissions. For example, a more integrated discharge process geared toward empowering patients in their own care [19, 20] , ensuring timely outpatient follow-up with a health care provider familiar with the patient's in-hospital treatment [21] , and making available an "after hours" point of contact all may help avoid emergency department visits [22] . However, published studies of these interventions were in the setting of reducing readmissions after CABG surgery and their impact on reducing emergency department visits after CABG surgery is unknown. Further studies should focus on identifying patients "at risk" for either ED utilization or readmission to identify potential targets for intervention. While the median rate of hospital-based, acute care post-discharge after isolated CABG surgery was 24%, this ranged from a low of 18% to a high of 30% despite adjustment for hospitals' case mix. Though variation in readmission rates was recently described [3] , also using California data, this work focused explicitly on readmissions and did not evaluate rates or variation in ED visits, which we demonstrate to be nearly equal in number to readmissions. The wide variation in need for acute care post discharge suggests that significant improvements can be made among hospitals, particularly those with the highest rates. It is important to note that hospitals' risk-standardized readmission and ED visit rates were not correlated. Hospitals with the highest ED visit rates did not have the lowest readmission rates. Conversely, hospitals with the highest readmission rates did not have the lowest ED visit rates.
Monitoring ED use post discharge is valuable and may provide additional insights into the quality of care provided. If emergency department visits were included with readmissions as an overall measure of hospital-based, acute care needs after discharge, there could be substantial changes to hospitals' perceived performance. In the current study, nearly half of the hospitals examined would Congestive heart failure (9.9%) Chest discomfort (4.0%) Congestive heart failure (6.9%) 3rd
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CABG ¼ coronary artery bypass grafting; ED ¼ emergency departments; IQR ¼ interquartile range. be ranked in a different tertile of performance upon comparison to their peers. The policy implications for this scenario deserve careful consideration as legislation mandating financial penalties for hospitals with excess readmission rates after hospitalization for some acute conditions will soon be implemented. Formal monitoring of the impact of reducing readmissions on utilization of care in other health care settings, such as the emergency department, as well as patient outcomes like mortality, is needed. Decreasing reimbursement for high readmission rates could cause a shift in patient care to "unmeasured" settings like emergency departments or observational units at some institutions. While these care settings may be less costly, they are no less meaningful to patients nor do they necessarily improve the quality of care provided.
The findings of this study should be viewed in the context of several limitations. First, CABG surgery cases were identified by administrative coding and could be susceptible to error; however, prior studies suggest identification of CABG surgery from ICD-9-CM coding has a positive predictive value between 96% and 98% [23] . Second, we are unable to determine if a patient died during the 30-day window in a non-hospital setting. Because of this, patients who died during the 30-day period were no longer "at risk" for readmission. As we were unable to exclude them from the denominator, hospitals with high 30-day out of hospital mortality may appear as if they were performing well in terms of readmissions or ED visits. Because the overall, 30-day mortality after CABG surgery is generally low (<3%) [24] , this should not have a significant impact on our results. Third, risk adjustment based on administrative data can be imperfect and may not adequately account for variation in patient mix across hospitals. For instance, relevant clinical information, such as preoperative ejection fraction, was not available in our data. Finally, the current study does not include patients who were cared for in other ambulatory care environments, including observation units without a preceding emergency department visit or subsequent hospital admission.
In conclusion, patients undergoing CABG surgery frequently require hospital-based acute care within 30 days of discharge. Nearly 25% of patients discharged after CABG surgery were either seen within an emergency department or readmitted to a hospital within 30 days. Considering both readmissions and ED visits as an overall hospital-based, acute care measure may provide additional information about hospital performance not captured by measuring readmission alone. 
